Abstract. Long non-coding RNAs (lncRNAs) are a novel group of non-coding RNAs that are associated with inflammation and tumorigenesis. At present, the diagnostic efficacy of lncRNAs in inflammatory bowel disease (IBD) is unclear. The present study aimed to identify lncRNAs that may be used as potential biomarkers for IBD. The mRNA expression levels of various lncRNAs (KIF9-AS1, LINC01272 and DIO3OS) were detected in tissue and plasma samples from patients with IBD by reverse transcription-quantitative polymerase chain reaction. The results indicated that the mRNA expression levels of KIF9-AS1 and LINC01272 were significantly upregulated in tissue and plasma samples from patients with IBD compared with in the healthy controls; conversely, the mRNA expression levels of DIO3OS were significantly downregulated in tissue and plasma samples from patients with IBD compared with in the healthy controls. Subsequently, the specificity and sensitivity of KIF9-AS1, LINC01272 and DIO3OS were determined using a receiver operating characteristic (ROC) curve analysis. The results indicated that KIF9-AS1, LINC01272 and DIO3OS had potential diagnostic value for the detection of IBD. Furthermore, there were significantly positive correlations in KIF9-AS1, LINC01272 and DIO3OS expression between IBD tissue and plasma samples. Therefore, the present study indicated that KIF9-AS1, LINC01272 and DIO3OS may be potential diagnostic biomarkers for IBD.
Introduction
Inflammatory bowel disease (IBD) refers to idiopathic intestinal inflammatory diseases that involve the ileum, rectum and colon. The most common forms of IBD are Crohn's disease (CD) and ulcerative colitis (UC). IBD is a global disease, the incidence and prevalence of which are increasing worldwide. Growing evidence has suggested that the occurrence of IBD is closely associated with immunological, genetic and modifiable environmental factors in a genetically susceptible host, which results in immunological reactions against a subset of gut commensal microbiota (1) (2) (3) (4) (5) .
CD involves any part of the gastrointestinal tract, and usually affects the colon or terminal ileum. The most important feature of CD is intestinal inflammation in a discontinuous fashion. The pattern of inflammation for CD is associated with pathophysiological complications, including intestinal fibrosis, strictures, non-caseation granulomas, thickened submucosa and fistulas (6) . Conversely, UC involves only the rectum and colon; the most important feature of UC is superficial inflammation that is limited to the mucosa and submucosa. Symptoms of UC include rectal bleeding, diarrhea, abdominal pain and superficial mucosal ulceration (7) . To specifically diagnose CD or UC, radiological tests, biopsy histology, endoscopic features and clinical symptoms are all taken into consideration (6) . Unfortunately, there are no useful diagnostic markers for CD and UC, and the majority of patients with IBD present with serious disease, due to the lack of sensitive biomarkers for early diagnosis. Therefore, the identification of potential biomarkers for IBD is critical.
Noncoding RNAs (ncRNAs), which include microRNA (miRNA), long noncoding RNA (lncRNA), circular RNA (circRNA), transfer RNA, ribosomal RNA and small nucleolar RNA, affect every stage of gene expression from transcription and mRNA stability to mRNA translation. Previous studies have gradually uncovered the critical roles for ncRNAs in disease pathogenesis (8) (9) (10) (11) . Dysregulated expression or dysfunction of specific ncRNAs has been reported to initiate inflammation in human disease. The three forms of ncRNAs that are particularly important for the regulation of gene expression in cells are miRNAs, lncRNAs and circRNAs (12) . To date, an increasing number of studies have demonstrated that ncRNAs may serve as novel biomarkers for disease. lncRNAs, which are a type of ncRNA >200 nucleotides in length, are able to regulate gene expression through transcriptional regulation, post-transcriptional regulation, chromatin modification and genomic imprinting (13, 14) . Therefore, lncRNAs may be potential diagnostic biomarkers for various diseases; however, the function and mechanism of lncRNAs requires further investigation. A previous study reported that there were 438 and 745 differentially expressed lncRNAs in inflamed CD and UC respectively, compared with healthy individuals (15) . A recent study indicated that numerous lncRNAs were differentially expressed, including ENST00000522970.1, LINC01272. ENST00000522970.1, KIF9-AS1, DIO3OS in IBD (16) . To the best of our knowledge, KIF9-AS1, LINC01272 and DIO3OS have not been studied yet. Therefore, the present study aimed to determine the expression levels and diagnostic value of KIF9-AS1, LINC01272 and DIO3OS in IBD.
The present study examined the expression levels of KIF9-AS1, LINC01272 and DIO3OS, using reverse transcription-quantitative polymerase chain reaction (RT-qPCR), in tissue and plasma samples from patients with IBD and healthy controls. The specificity and sensitivity of KIF9-AS1, LINC01272 and DIO3OS were determined using a receiver operating characteristic (ROC) curve analysis. The potential diagnostic values of KIF9-AS1, LINC01272 and DIO3OS in IBD were determined. In addition, the correlations between IBD tissue and plasma expression levels of KIF9-AS1, LINC01272 and DIO3OS were analyzed using the Pearson Correlation Coefficient. The present study aimed to identify the lncRNAs that may be considered potential diagnostic biomarkers for IBD.
Materials and methods
Clinical specimens. The present study collected samples from patients with CD or UC, and healthy controls, from The First Affiliated Hospital of Anhui University of Traditional Chinese Medicine (Hefei, China) between 2013 and 2016. This study was approved by the Ethics Committee of The First Affiliated Hospital of Anhui University of Traditional Chinese Medicine, and informed consent was obtained from each individual. For CD or UC to be diagnosed, symptoms were required to meet the Copenhagen criteria (17) . Tissue and plasma samples were collected from 252 individuals (84 patients with CD, 84 patients with UC and 84 healthy controls). Healthy control individuals had no symptoms of autoimmune diseases or IBD. For the extraction of plasma samples, 5 ml peripheral blood was collected from all 252 individuals, plasma was separated by centrifugation (3,000 x g at 4˚C for 10 min); the supernatant plasma was maintained at -80˚C until further analysis. According to the World Health Organization, the histological diagnosis was evaluated (18) . All tissue samples were frozen at -80˚C for the extraction of total RNA.
RNA preparation and RT. Total RNA was extracted from the tissue and plasma samples using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA). Similarly, QIAamp Circulating Nucleic Acid kit (Qiagen K.K., Tokyo, Japan) was used to extract total RNA from 800 µl plasma. RNA extraction was conducted according to manufacturers' protocols. cDNA was synthesized from RNA with random primers using a RevertAid First Strand cDNA Synthesis kit (cat. no. K1622; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol; each RT reaction consisted of 1.0 µg RNA.
RT-qPCR. As described previously (19) , RT-qPCR was performed using SYBR Premix Ex Taq (Takara Bio, Inc., Otsu, Japan). qPCR was performed on an ABI 7500 Real-Time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.). The mRNA expression levels of various lncRNAs (KIF9-AS1, LINC01272 and DIO3OS) were detected by RT-qPCR using the KAPA SYBR FAST qPCR Kit (KK4601, Kapa Biosystems, Inc. Wilmington, MA, USA) on Applied Biosystems Real-Time PCR system in tissue and plasma samples obtained from patients with IBD and healthy controls The reaction system was in a 20 µl volume, and the program of RT-qPCR was set as following: 95˚C for 10 min, 95˚C for 10 sec, 60˚C for 2 min, 72˚C for 2 min, 72˚C for 10 min, and 38 amplification cycles were performed from second step to fourth step. The primer sequences were as follows: KIF9-AS1, forward 5'-AGT CCT TCC CAT TCA CAG GG-3' , reverse 5'-GCC CTC TTC TTC CTC CAC AT-3'; LINC01272, forward 5'-TGT TCA CTG CTG TAC ACC CA-3', reverse 5'-TGT GGA GAG GGG ATT TCT GG-3'; DIO3OS, forward 5'-ATA CCT ACC CCT CCC CAA CT-3', reverse 5'-TAC CTG CTC TGA GAT GTG CC-3'; and GAPDH, forward 5'-TGT TCG TCA TGG GTG TGA AC-3' and reverse 5'-ATG GCA TGG ACT GTG GTC AT-3'. The mRNA expression levels were calculated using the 2 -ΔΔCq method with GAPDH as the control (20) .
Statistical analysis. All experimental data were analyzed using SPSS software 16.0 (SPSS, Inc., Chicago, IL, USA) and GraphPad Prism 5.0 (GraphPad Software, Inc., La Jolla, CA, USA). Association between lncRNA expression and clinicopathological characteristics were analyzed using Chi-squared test. Diagnostic value was detected using a ROC curve analysis. The area under the curve was used to assess the predictive power and to determine the cutoff scores for the high-expression and low-expression of lncRNAs. The correlation between lncRNA tissue and plasma expression in IBD was analyzed using Pearson's correlation coefficient analysis. A Student's t-test was used for comparisons between two groups, such as the comparisons between healthy controls and CD or UC. All results are presented as the mean ± standard deviation, experiments were conducted in triplicate. P<0.05 was considered to indicate a statistically significant difference.
Results

lncRNA-KIF9-AS1 is highly expressed in IBD.
The expression levels of KIF9-AS1 in patients with CD (n=84) and in healthy controls (n=84) were determined by RT-qPCR. The results demonstrated that the mRNA expression levels of KIF9-AS1 were significantly higher in patients with CD compared with in the healthy controls (P<0.001; Fig. 1A ). In addition, the mRNA expression levels of KIF9-AS1 were significantly higher in patients with UC (n=84) compared with in the healthy controls (P<0.001; Fig. 1B) . Furthermore, the area under the ROC curve between KIF9-AS1 expression in patients with CD and healthy controls was 0.811 (P<0.0001; Fig. 1C ). The area under the ROC curve between KIF9-AS1 expression in patients with UC and healthy controls was 0.872 (P<0.0001; Fig. 1D ). The associations between KIF9-AS1 expression (ΔCq) and the clinicopathological characteristics of patients with IBD are presented in Table I . Patients were separated into high and low expression groups according to a cut off value (10.638 for CD; 11.313 for UC). A statistical significance between KIF9-AS1 expression and alcohol history was observed (P=0.023).
lncRNA-LINC01272 is highly expressed in IBD.
The expression levels of LINC01272 in patients with CD (n=84) and in healthy controls (n=84) were determined by RT-qPCR. The results demonstrated that the mRNA expression levels of LINC01272 were significantly higher in patients with CD compared with in the healthy controls (P<0.001; Fig. 2A ). In addition, the mRNA expression levels of LINC01272 were significantly higher in patients with UC (n=84) compared with in the healthy controls (P<0.001; Fig. 2B ). Furthermore, the area under the ROC curve between LINC01272 expression in patients with CD and the healthy controls was 0.887 (P<0.0001; Fig. 2C ). The area under the ROC curve between LINC01272 expression in patients with UC and the healthy controls was 0.777 (P<0.0001; Fig. 2D ). The associations between LINC01272 expression levels (ΔCq) and the clinicopathological characteristics of patients with IBD are presented in Table II . Patients were separated into high and low expression groups according to a cut off value (10.355 for CD; 11.593 for UC). There was a statistical significance between LINC01272 expression and tobacco smoking (P=0.018) in CD. And there was a statistical significance between LINC01272 expression and alcohol history (P=0.044) in UC.
lncRNA-DIO3OS expression is reduced in IBD.
The expression levels of DIO3OS in patients with CD (n=84) and in healthy controls (n=84) were determined by RT-qPCR. The results demonstrated that the mRNA expression levels of DIO3OS were significantly lower in patients with CD compared with in the healthy controls (P<0.001; Fig. 3A) . The mRNA expression levels of DIO3OS were also significantly lower in patients with UC (n=84) compared with in the healthy controls (P<0.001; Fig. 3B) . Furthermore, the area under the ROC curve between DIO3OS expression in patients with CD and the healthy controls was 0.794 (P<0.0001; Fig. 3C ). The area under the ROC curve between DIO3OS expression in patients with UC and the healthy controls was 0.653 (P=0.001; Fig. 3D ). The associations between DIO3OS expression levels (ΔCq) and the clinicopathological characteristics of patients with IBD are presented in Table III . Patients were separated into high and low expression groups according to a cut off value (10.599 for CD; 12.069 for UC). A statistical significance between DIO3OS expression and gender was observed (P=0.025) in CD.
KIF9-AS1, LINC01272 and DIO3OS expression levels were validated in the plasma of patients with CD and UC. To further confirm the expression levels of KIF9-AS1, LINC01272 and DIO3OS in patients with IBD, the mRNA expression levels of KIF9-AS1, LINC01272 and DIO3OS were detected in plasma samples from patients with IBD. The results indicated that the mRNA expression levels of KIF9-AS1 were significantly upregulated in plasma samples from patients with CD Figure 2 . Long non-coding RNA LINC01272 is highly expressed in inflammatory bowel disease. (A) Relative expression levels of LINC01272 in patients with CD (n=84) and healthy controls (n=84) were detected by RT-qPCR. (B) LINC01272 expression levels in patients with UC (n=84) and healthy controls (n=84) were measured by RT-qPCR. GAPDH was used as an RNA loading control; LINC01272 abundance was normalized to GAPDH mRNA expression. Table I . Association between KIF9-AS1 expression and clinicopathological characteristics.
CD UC --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Characteristic
High expression (%) Low expression (%) P-value High expression (%) Low expression (%) P-value compared with in the healthy controls (P<0.001; Fig. 4A ). In addition, the mRNA expression levels of LINC01272 were significantly upregulated in plasma samples from patients with CD compared with in the healthy controls (P<0.001; Fig. 4B ).
Conversely, the mRNA expression levels of DIO3OS were significantly downregulated in plasma samples from patients with CD compared with in the healthy controls (P<0.001; Fig. 4C) . Similarly, the mRNA expression levels of KIF9-AS1 Table II . Association between LINC01272 expression and clinicopathological characteristics.
CD UC ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Characteristic
High expression (%) Low expression (%) P-value High expression (%) Low expression (%) P-value were measured by RT-qPCR. GAPDH was used as an RNA loading control; DIO3OS abundance was normalized to GAPDH mRNA expression.
*** were significantly upregulated in plasma samples from patients with UC compared with in the healthy controls (P<0.001; Fig. 4D ). The mRNA expression levels of LINC01272 were also significantly upregulated in plasma samples from patients with UC compared with in the healthy controls (P<0.001; Fig. 4E ). However, the mRNA expression levels of DIO3OS were significantly downregulated in plasma samples from patients with UC compared with in the healthy controls (P<0.001; Fig. 4F ).
KIF9-AS1, LINC01272 and DIO3OS expression is positively correlated between IBD tissue and plasma samples.
According to the present study, the mRNA expression levels of KIF9-AS1 and KIF9-AS1 were increased in IBD tissue and plasma samples, whereas the mRNA expression levels of DIO3OS were decreased in IBD tissue and plasma samples. The present study further analyzed the correlation between lncRNA expression in IBD tissue and plasma samples. The results indicated that there was a positive correlation between KIF9-AS1 expression in CD tissue and plasma samples (R 2 = 0.3788, P= 0.0002; Fig. 5A ), and UC tissue and plasma samples (R 2 = 0.3466, P= 0.0012; Fig. 4B ). In addition, a positive correlation was detected between LINC01272 expression in CD tissue and plasma samples (R 2 = 0.7133; P<0.0001; Fig. 5C ), and UC tissue and plasma samples (R 2 = 0.5326, P<0.0001; Fig. 5D ). Furthermore, a positive correlation was detected between DIO3OS expression in CD tissue and plasma samples (R 2 = 0.2524, P= 0.0141; Fig. 5E ), and UC tissue and plasma samples (R 2 = 0.2707, P= 0.0083; Fig. 5F ). Therefore, these results indicated that KIF9-AS1, LINC01272 and DIO3OS were aberrantly expressed in IBD tissue and plasma samples, and may be considered potential biomarkers for IBD.
Discussion
At present, research into the potential biomarkers of IBD has focused on ncRNAs, particularly lncRNAs, most of which are transcribed by RNA polymerase (Pol) II/Pol I, and some of which are transcribed by RNA Pol III (21) . lncRNAs are able to regulate the expression of protein-coding genes at transcriptional and post-transcriptional levels, and may affect physiological processes (22, 23) . In addition, lncRNAs serve critical roles in the regulation of gene expression (24) (25) (26) (27) , and participate in cell cycle progression, cell differentiation (28) and apoptosis (29, 30) . A recent study indicated that lncRNAs are differentially expressed in IBD (15) . Furthermore, associations among ncRNAs, cytokines and inflammation-associated diseases have been noted (31) . Previous studies have also indicated that lncRNAs may regulate the lipopolysaccharide-induced inflammatory response in human monocytes (32, 33) , and that lncRNAs are associated with transforming growth factor-β/Smad3-mediated renal inflammation and fibrosis (34) . lncRNA DQ786243 has been revealed to affect regulatory T cell-related cAMP response element-binding protein and forkhead box P3 expression in CD (34) . However, the specific functions of lncRNA are not entirely clear in inflammation. A deeper understanding of the lncRNA regulatory network is required, and the biological and molecular mechanisms underlying the effects of lncRNAs require further investigation.
In a previous study (15) , a microarray platform was used to conduct genome-wide transcriptome profiling of lncRNAs in 96 inflamed and non-inflamed tissue samples extracted from numerous colonic locations of 45 patients (CD=13, UC=20, controls=12). The results indicated that there were 12 and 19 differentially expressed lncRNAs associated with CD and UC, respectively. In addition, the upregulated protein-coding genes included dual oxidase maturation factor 2, chitinase 3 like 1, dystonin, matrix metallopeptidase 12, lncRNAs RP11-731 F5.2 and AC007182.6, and the downregulated protein-coding genes included phosphoenolpyruvate carboxykinase 1, potassium two pore domain channel subfamily K member 10, serpin family B member Table III . Association between DIO3OS expression and clinicopathological characteristics.
High expression (%) Low expression (%) P-value High expression (%) Low expression (%) P-value 3, DPP10 antisense RNA 1, CDKN2B antisense RNA 1 and lncRNA AL928742.12 (15) . The present study detected KIF9-AS1, LINC01272 and DIO3OS expression in tissue samples from patients with IBD and in healthy controls by RT-qPCR. The present study demonstrated that KIF9-AS1 and LINC01272 were significantly increased, and DIO3OS was significantly decreased in IBD (n=168) compared with in the healthy controls (n=168). Subsequently, the specificity and sensitivity of KIF9-AS1, LINC01272 and DIO3OS were determined using a ROC curve analysis. The results indicated that KIF9-AS1, LINC01272 and DIO3OS had potential diagnostic value for the detection of IBD. Furthermore, KIF9-AS1 and LINC01272 expression was significantly increased, and DIO3OS was significantly decreased in plasma samples from patients with IBD (n=168) compared with in the healthy controls (n=168). In addition, KIF9-AS1, LINC01272 and DIO3OS expression was significantly correlated between IBD tissue and plasma samples. Therefore, these findings suggested that KIF9-AS1, LINC01272 and DIO3OS may be promising candidates for the diagnosis of IBD.
In conclusion, KIF9-AS1, LINC01272, and DIO3OS were differentially expressed in tissue and plasma samples from patients with IBD compared with in the healthy controls. In addition, KIF9-AS1, LINC01272 and DIO3OS had potential diagnostic value for the detection of IBD. Therefore, these findings indicated that KIF9-AS1, LINC01272 and DIO3OS may be potential diagnostic biomarkers for IBD.
